Abstract
Introduction
Sepsis is a major consequence of infectious diseases and one of the leading causes of death in the intensive care unit [1] . [2, 3] . The inhibitory effect of LPS on cardiac function is mediated through the production of pro-inflammatory cytokines [4] . [5] [6] [7] [8] [9] [10] [11] . However, the molecular mechanisms underlying myocardial TNF-␣ production during sepsis are not fully understood. [12, 13] 
Myocardial dysfunction induced by endotoxins or lipopolysaccharides (LPS) of Gram-negative bacteria is a common complication of septic shock and renders septic patients at high risk of developing multi-organ failure, which is associated with high mortality

Tumour necrosis factor-␣ (TNF-␣) is a major cytokine responsible for cardiac dysfunction during sepsis
Rac GTPases are a subfamily of Ras-homologous (Rho) GTPases and act as molecular switches, cycling between active guanosine 5Ј-triphosphate (GTP)-bound and inactive guanosine 5Ј-diphosphate (GDP)-bound states
. The switch is activated when an upstream signal activates a guanine nucleotide exchange factor (GEF), which then acts to facilitate the release of GDP from the Rac GTPase and the subsequent binding of GTP. Rac activity is terminated by hydrolysis of GTP to GDP, a process which is accelerated by GTPase-activating proteins (GAPs). Rac is an intracellular transducer of signalling and can interact with specific effectors that regulate diverse cellular functions, such as cytoskeletal remodelling, microtubule stability, gene transcription and superoxide (O2
Ϫ
) production [12, 13] . There are three different Rac proteins: the ubiquitously expressed Rac1, the haematopoietic cell-specific Rac2 and Rac3 that is expressed in the brain, liver, lung and pancreas [14] . Previous studies have shown that LPS increases Rac1 activity in phagocytes; however, the effect of Rac1 on TNF-␣ expression in these cells remains controversial [15] [16] [17] . Rac1 is the predominant Rac proteins in cardiomyocytes [18, 19] . Furthermore, Rac1 is activated during LPS stimulation and contributes to myocardial TNF-␣ expression [20] . However, regulation of Rac1 activation during LPS stimulation is not fully understood. Phosphoinositide-3 kinases (PI3K) are a family of evolutionary conserved signalling molecules that mediate many cellular responses. The production of phosphatidylinositol (3, 4, 5) -triphosphate (PtdIns (3, 4, 5) P3) from PI3K activates Rac via a PtdIns (3, 4, 5) P3-sensitive GEF. However, Rac can also be activated by PI3K-independent mechanisms [21] . [5] . 
Measurement of TNF-␣ protein
Lucigenin assay
NADPH-dependent superoxide (O2
Ϫ ) generation was measured in cell lysates by lucigenin-enhanced chemiluminescence (40 g of protein, 100 M ␤-NADH, 5 M lucigenin; Sigma-Aldrich). The chemiluminescence was detected by a mutilabel counter (SpectraMax M5; Molecular Devices, Sunnyvale, CA, USA). Replicates were incubated in the presence of the flavoprotein inhibitor (diphenyleneiodonium, 10 M) to ensure O2
Ϫ was generated from NADPH oxidase, as previously described [23] . The light signal was monitored for 1.5 sec. and counts per second were presented as NADPH oxidase activity that was diphenyleneiodonium inhibitable. [23] . Figure 2A and (Fig. 3C) . Similarly, LPS-stimulated Rac1-GTP levels in the myocardium were also blocked by 71% after LY294002 treatment (Fig. 3D) . In addition, LY294002 significantly decreased LPS-induced TNF-␣ mRNA and protein levels (P Ͻ 0.05, Fig. 3E and F 
Isolated mouse heart preparations
Briefly, a 6-0 silk suture was passed through the apex of the left ventricle and threaded through a light-weight rigid coupling rod, which was connected to a force-displacement transducer (FT03) to record tension and heart rate. The heart work was calculated by multiplying the force (g) by the heart rate (bpm). Maximal and minimal first derivatives of force (ϩdF/dtmax and -dF/dtmin) which represent the rate of contraction and relaxation, respectively, were analysed by PowerLab Chart program (AD Instruments, Colorado Springs, CO, USA).
Statistical analysis
Results
Myocardial Rac1 activation by LPS
Rac1 activation and cardiomyocyte TNF-␣ expression during LPS stimulation
To elucidate the role of Rac1 in LPS-induced TNF-␣ expression, neonatal cardiomyocytes isolated from WT mice were infected with an adenovirus carrying a dominant-negative form of the Rac1 gene (Ad-Rac1N17), which selectively inhibits Rac1 activity. As shown in
Overexpression of Rac1N17 significantly decreased LPS-induced phosphorylation of ERK1/2 compared with Ad-GFP infected group (Fig. 5C). Furthermore, U0126, a selective ERK1/2 inhibitor, decreased LPS-stimulated TNF-␣ mRNA and protein levels by 46% and 69%, respectively (Fig. 5D and E). Conversely, inhibition of Rac1 activation by Ad-Rac1N17 had no effect on p38 phosphorylation induced by LPS (Fig. 6). Taken together, these results suggest that the effects of PI3K and Rac1 on cardiomyocytes are mediated by ERK1/2 but not by p38 MAPK signalling.
Role of Rac1 in myocardial dysfunction during endotoxemia
To study the role of Rac1 in myocardial depression during endotoxemia in vivo, we generated cardiac-specific Rac1 knockout mice using Cre-loxP recombination as described in the methods. Our data showed that the Rac1 protein was selectively knocked down in the heart but not in the skeletal muscle and lungs in Rac1 -/-mice (Fig. 7A) [15] [16] [17] 28] . For example, inhibition of Rho GTPase including Rac, RhoA and Cdc42 increased LPS-stimulated TNF-␣ production in macrophages [17] . In resting neutrophils, RhoA suppresses TNF-␣ production by inhibiting NF-B activity [28] . Upon LPS stimulation, RhoA is activated and increases TNF-␣ expression, suggesting a dual role of RhoA in TNF-␣ production in human neutrophils [28] . Additionally, studies have shown that Rac1 activation promoted LPS-induced TNF-␣ expression in macrophages and Kupffer cells [15, 16] . Furthermore, Rac1 mediates myocardial TNF-␣ expression during LPS stimulation [20] (3, 4, 5) P3, a lipid product of PI3K [21] . In the present study, PI3K activity, as determined by the production of PtdIns (3, 4, 5) 
Rho GTPases are a large family of proteins that include the Rac proteins (Rac1, 2 and 3) as well as RhoA and Cdc42. The role of Rho GTPases on TNF-␣ production during LPS stimulation has been studied, but the results differ depending on cell types and experimental conditions
